OBJECTIVES Visualizing myocardium with near field ultrasound (NFUS) transducers in the tip of the catheter might provide an image of the evolving pathological lesion during energy delivery.
Ultrasound imaging has shown value in monitoring electrode-tissue contact (9) . It has been used to titrate power delivery when excess bubble formation is observed (indicating overheating of the endocardial surface (10) . More recently, near-field ultrasound (NFUS) imaging through transducers mounted in the tip of an open-irrigated ablation catheter have been demonstrated to predict steam pops (11) to assess electrode-tissue contact, tissue wall thickness, and RF lesion depth, and transmurality (12, 13) . It was hypothesized that NFUS imaging of lesion formation in real time would offer insight into the patterns, rates, and magnitude of lesion growth. Thus, monitoring lesion formation with NFUS would be anticipated to facilitate both safety and efficacy of catheter ablation.
METHODS
NEAR FIELD ULTRASOUND ABLATION SYSTEM. The NFUS system has been previously described in detail (13) . In brief, the NFUS system is configured with an 8-F catheter using a 5-mm platinum-iridium elec- Canines between 30 and 50 kg in weight were treated with 40-mg sotalol twice daily before the procedure and on the day of the procedure. Anesthesia was induced with ketamine 5 to 10 mg/kg intravenously (IV), diazepam 0.2 to 0.6 mg/kg IV, glycopyrrolate 0.0004 to 0.0008 mg/kg intramuscularly (IM), and buprenorphine 0.01 mg/kg IM and maintained with isoflurane 1% to 2%. Lidocaine, 1 to 2 mg/kg IV and phenylephrine 0 to 5 mg/min IV were used to suppress arrhythmia and maintain blood pressure. Heparin, 50 to 150 mcg/kg IV, was given to maintain an activated Maximal lesion diameter was observed at the endocardial surface with low irrigation flow rates, but with high irrigation flow rates, the maximal diameter was at the epicardial surface (15) . Therefore, surface cooling during ablation could lead to an unintended consequence of heating tissue beyond the epicardium (e.g., the esophagus) and the targeted myocardium.
Latency in onset of lesion formation was frequently observed. The mechanism for this is unknown but may relate to improvement in cathetertissue contact after onset of ablation due to myocardial stunning and decrease in local tissue motion or improved catheter stability from other mechanisms.
It is also possible that the characteristic echocardio- Near Field US Imaging of RF Lesion Formation -2 0 1 8 : --transition from no visible lesion to active lesion formation. This indicates that the power and lesion size relationship is not proportional for individual lesions.
The mechanism behind this observation is unknown but, again, may be the result of myocardial stunning, leading to improved energy coupling between the electrode and tissue and more effective RF ablation.
The importance of achieving an effective ablation on the first attempt has long been recognized, and performing sequential contiguous lesions has been identified as a predictor for successful pulmonary vein isolation (7). The difficulty in successfully reablating at sites of ablation performed earlier in procedures has been attributed to tissue edema that leads to swelling and thickening of the target tissue, making transmural ablation more difficult. Although the presence of myocardial edema has been well characterized (16) , the time course of its formation has previously been unknown. In the current study, edema was observed to accumulate immediately and, coincident with lesion formation, resulting in a median 25% increase in tissue thickness. Predictors of formation of edema were a greater impedance drop, suggesting faster/more heating. By protocol design, ablation was terminated when transmurality or steady-state lesion size was achieved; therefore, it was anticipated that shorter lesion durations were seen in lesions with significant edema formation, as these probably represented ablations with more efficient energy coupling between the catheter and the tissue.
Sudden rises in electrical impedance have been attributed to the temperature exceeding 100 C at the electrode-tissue interface with boiling of plasma and denaturation of blood proteins (17 These observations will help operators optimize ablation methods and technologies. To be used in the clinical setting, an approved commercial product must be developed. For this to be a useful clinical tool, much of the system and image analysis will need to be simplified. The time, effort, and money required to achieve this goal may preclude its introduction into clinical investigation. Nonetheless, it is hoped that lessons learned in preclinical studies will be directly applicable to activities in the clinical laboratory. Near Field US Imaging of RF Lesion Formation -2 0 1 8 : ---
